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In recent years, political and social concerns have risen in China related to green energy 
utilization and sustainable architecture. Architectural development in China has increased 
dramatically since the 2000s, and there is an increasing demand for and focus on energy-saving 
and sustainable architecture. However, there are few commercial complexes in China that apply 
sustainability standards. This research explores the future development of sustainable 
commercial complexes as the next step of architectural development in China, green technology 
evolution, and appropriate solutions for local conditions to provide a suitable sustainable 
commercial complex in Shanghai, China. The documentary analysis will be performed based on 
current local conditions and the needs and social concerns related to sustainable commercial 
complexes. To achieve the goal, it is necessary to ascertain the benefits for society and the 
environment when building sustainable commercial complexes. This thesis seeks to demonstrate 
with an appropriate model that acceptable sustainability standards can be met while satisfying 
local cultural, environment, and social needs. This analysis is developed based in Shanghai, a 
well known international city in Eastern China, which will further influence sustainable 
commercial projects in other cities in China and worldwide. 
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CHAPTER 1 INTRODUCTION 
 
1.1 Background  
In China, normal commercial complexes include retail stores, bookstores, eating areas, 
movie theaters, and shopping malls. People enjoy visiting commercial complexes in their daily 
lives, especially on holidays. Furthermore, as China's economy is expected to maintain a steady 
growth rate, people's income will also grow. Hence, their purchasing power will increase; they 
will visit shopping malls more often.1 Currently, there is an average 40,000 daily passenger flow 
volume, and daily sales total approximately 400k CNY per weekday in Shanghai. On holidays 
and weekends, the daily passenger flow volume double to 80,000 and daily sales account for 
approximately 800k CNY. There are approximately 230 commercial complexes in Shanghai 
presently. The average commercial complex area is approximately 60,000 square meters 
(64,5834SF), and the yearly energy consumption is approximately 1.8 billion kWh/year in 
Shanghai.2 In China, the unit floor area energy consumption of public buildings (e.g. commercial 
centers, hotels) are 4 to 10 times higher than that of the residential buildings.3 
Due to urbanization development, economic growth, and the rising population, demand 
for commercial complexes is continuously increasing. In 2018, China's total floor area was 
approximately 58.1 billion square meters (624 billion SF), of which the public and retail floor 
area comprised 11.7 billion square meters (126 billion SF). Additionally, the commercial 
 
1 Hui, E. C., Ning, N., &amp; Chan, K. K. (2016). The critical factors of shopping malls in urban complexes in China. 
Facilities, 34(11/12), 662-681. doi:10.1108/f-08-2014-0065 
2 2016 Building's Energy Consumption Report in Shanghai. (n.d.). Retrieved May, 2017, from 
http://www.shjzjn.org/SysCommService//Web/uploadfile/APPmaterialfiles/20170816/201708160116445128023.p
df 
3 Zhisheng, L., Lin, Y., Jiawen, L., Xuhong, L., &amp; Xiaoxia, W. (2012). A study of energy performance and audit of 






complex is a popular building mode exhibited by developers, which loacted in core areas of the 
major cities and developed rapidly recently. According to predictions by the Shanghai City Hall, 
there will be 32 new commercial complexes in Shanghai by the end of 2020.                                              
      Globally buildings consume 40% of the planet’s energy and 30% of its electricity; 
furthermore buildings are responsible for 30% of all greenhouse gas (GHS)  emissions. With the 
development of the social economy, new buildings will consume more power than their 
predecessors. Thus, sustainable architecture has become a popular topic, and an increasing 
number of architects and governments are focused on developing sustainable buildings. 
Moreover, there are different sustainable building rating systems globally, such as LEED and 
BREEAM. The Chinese government issued the Green Building GB/T 50378 as a rating system 
based on Chinese cultural, economic, and social needs. The World Green Building Trends 2018 
Smart Market Report indicates an increase in the percentage of industry respondents who expect 
to do most (more than 60%) of their projects to be ecological (i.e., green) – jumping from 27% in 
2018 to almost half (47%) by 2021.4 The Chinese government requires 50% of new urban 
buildings to be certified green buildings according to GB/T 50378 rating system.5 China’s 
energy shortage rate is  predicted to increase to 24% in 2040, even if advanced energy-saving 
technology is applied to improve energy efficiency and alternative and renewable energy sources 
are used. The Chinese government treats energy saving and sustainable architectural 
development as crucial policies that are part of its long-term national strategy. Thus, sustainable 
buildings are the next step in sustainable architecture development worldwide. 
 
4 World Green Building Trends 2018 SmartMarket Report. (2018, November 13). Retrieved June 22, 2020, from 
https://www.worldgbc.org/news-media/world-green-building-trends-2018-smartmarket-report-publication 
5 Molinaroli, Alex, and Johnson. “China's Clean, Green Buildings of the Future.” World Economic Forum. Accessed 





1.2 Benefits of sustainable commercial complexes 
      Sustainable commercial complexes offer numerous benefits and advantages to the 
environment. While the design and construction may be more costly than standard structures, the 
long-term investment return makes the energy-efficient buildings a better option. Their first 
benefit is reducing greenhouse gases emissions. Most of the power grid worldwide relies heavily 
on fossil fuels, natural gas, and coal to produce sufficient energy to meet people's daily demand. 
Every kilowatt-hour a building uses indirectly releases carbon dioxide into the air. The advantage 
of a green building that uses less energy is clear: reduced overall usage of power, whether from 
energy-efficient appliances, passive heating, and cooling, or sustainable architecture, can 
dramatically shrink a building's overall carbon footprint or even make it a net positive on the 
environment.6 Thus, more organizations are focusing on sustainable buildings projects. Seventy-
seven percent of the respondents listed lowering greenhouse gas emissions as an important 
reason for their organization to be involved in green building.7  
The second benefit is saving energy. Sustainable commercial complexes use renewable 
energy that comes from the site; solar, wind, and geothermal energy are the most common 
renewable energies. In addition to saving energy and reducing GHG emissions, sustainable 
commercial complexes are good examples for future design. An existing commercial complex is 
an excellent way to teach architects how to design new commercial complexes. In addition, 
 
6 How Green Buildings Reduce Carbon Dioxide&nbsp;. (2017, April 10). Retrieved August 31, 2020, from 
https://sigearth.com/how-green-buildings-reduce-carbon-dioxide/ 






everyone involved in the design, construction, and operations of the facility gains valuable 
knowledge and understanding about energy efficiencies and the technologies used.8 
1.3 What is a commercial complex in China? 
 The dictionary definition of “commercial complex” refers to a building with two or more 
commercial uses (whether on a single lot under with one owner or on several adjacent lots under 
separate ownership) that are dependent on one another to meet minimum standards for parking, 
vehicular circulation, or landscaping; or which are approved as elements in an overall site plan 
under a conditional use or subdivision application.9 With the development of urbanization in 
China, commercial complexes have become more like living rooms of cities. In addition to the 
typical programs, such as shopping malls, movie theatres, retail stores, libraries, restaurants and 
gyms, it serves as a community center by providing an open public space for local residents. 
People visit commercial complexes to meet with friends or families during their daily lives. 
Thus, the space serves not only as a commercial complex but also as community center for 






8 “Four Benefits of Net Zero Energy Buildings.” Schneider Electric, October 27, 2017. https://www.schneider-
critical.com/blog/four-benefits-net-zero-energy-buildings/. 






CHAPTER 2 PROBLEM STATEMENT 
2.1 Problems to be addressed 
Today, sustainable development is a worldwide trend. An increseing number of scholars, 
and governments are focusing on this topic. There are various definitions of sustainability; 
however, its core meaning is "sustainability is the possibility that humans and other life will 
flourish on the earth forever."10 Using technology to save energy is one way to achieve 
sustainability. Finding a mutually beneficial balance between human and natural environments is 
the ultimate goal. With the development of society and technology, more people are focusing on 
environmental problems because these problems influence human’s mental and physical health 
as well as the health of the Earth. Moreover, the energy consumption of architecture is another 
concern of sustainability. Due to the dramatically growing demand for commercial complexes, 
and the fact that traditional commercial complexes consume a great deal of energy, sustainable 
commercial complexes will develop rapidly in the coming decades in Shanghai. However, there 
are no current sustainable commercial complexes as examples in Shanghai, and architects lack 
professional experience with this type of project. Thus, this thesis designs a sustainable system 
model that fits the existing Shanghai conditions for typical commercial complexes in Shanghai. 
2.2 Thesis statement 
This study aims to analyze the framework of the sustainable commercial complex model, 
which both provides commercial services for customers and saves energy by implementing 
sustainable systems, thereby solving environmental problems and ensuring a high quality of life 
 
10 Ehrenfeld, John R., and Andrew J. Hoffman. “Sustainability Means Nothing Without and End in Sight.” 





for future generations. This thesis proposes a model for future sustainable commercial 
development that meets local social and cultural needs, fits local conditions and is well-suited to 





















CHAPTER 3 LITERATURE REVIEW 
3.1 Effect of architecture on the environment 
Worldwide buildings consume one-third of all resources annually, including one-sixth of 
water usage, one-quarter of wood harvests, and two-fifths of other raw materials.11 Additionally, 
close to 50% of all energy is consumed in the construction and demolition of buildings. This 
equates to 68% of total electricity consumption, 30% of landfill waste, 38% of carbon dioxide 
emissions, and 12% of total water consumption. Furthermore, 60% of greenhouse gas emissions 
are caused by architecture every year, as is 34% of environmental pollution (e.g. air, water, and 
light pollution). 12 Climate warming, environmental pollution, and wasting of resources caused 
by construction have seriously threatened human lives and development. In 2015, China's total 
building energy consumption was 857 million tons of standard coal, accounting for 20% of 
China's total energy consumption, according to statistics from the China Association of Building 
Energy Efficiency.13  China's public buildings consumed 326 million tons of standard coal, 
accounting for 40% of China's total building energy consumption. 
3.2 The benefits of sustainable architecture 
The benefits of sustainable architecture include many different aspects, the three most 
important of which are related to environment, economy, and health. The environmental 
advantages include the reduction of energy consumptions, of greenhouse gas emissions, and of  
 
11 Martek, I., Hosseini, M., Shrestha, A., Zavadskas, E., &amp; Seaton, S. (2018, March 27). The Sustainability 
Narrative in Contemporary Architecture: Falling Short of Building a Sustainable Future. Retrieved July 23, 2020, 
from https://www.mdpi.com/2071-1050/10/4/981/htm 
12 L. (2018, June 14). Current Green Architecture. Retrieved July 23, 2020, from 
http://www.gbwindows.org/wap/news/201806/12094.html 
13 Ke, S. (2018, July 30). China's ambitious green building action plan with opportunities for Swiss SMEs. Retrieved 






environmental pollution. Sustainable architecture utilize greens energy (e.g., solar energy, wind 
energy, and geothermal), natural light, and natural ventilation, reducing 70% of building energy 
consumption compared to traditional buildings.14 Sustainable buildings are more energy-efficient 
and less harmful to the environment. Moreover, sustainable architecture utilizes local materials, 
which saves energy due to transporting the materials over a shorter distance. Familiarity with the 
local climate and culture is crucial for sustainable architecture, in order to make buildings that fit 
the site and culture and feel comfortable and inviting to people. In addition, utilizing specific 
building systems could also save energy. Sustainable buildings manage water in a more effective 
and environmentally friendly manner than traditional buildings. They can be equipped with 
systems that recycle water, such as collecting rainwater for toilet cleaning.15 Sustainable 
buildings can collect and preserve natural energy, using solar, wind energy, and geothermal 
systems to store and reuse it accordingly. Furthermore, sustainable buildings minimize waste 
with their lower environmental impact and use of renewable sources and materials. Recycled 
materials are used during the construction process to contribute to the protection of the 
environment and reduce waste. 
The second benefit is economic. Sustainable buildings provide indirect economic benefits 
to both the building owner and society, as they have a lower operating cost than traditional 
buildings. Specifically, sustainable buildings typically have lower annual costs for energy, water, 
and other operating expenses. These reduced costs do not have to come at the expense of higher 
initial costs. Through integrated design and innovative use of sustainable materials and 
 
14 Jun, L. (n.d.). The effect of green buildings for construction budget. Retrieved July 24, 2020, from 
https://zhuanlan.zhihu.com/p/48201552 






equipment, the initial cost of a sustainable building can be the same as, or lower than, that of a 
traditional building. Certain sustainable design features have higher initial costs, but the payback 
period for the incremental investment is often short, and the lifecycle costs are typically lower 
than the cost of traditional buildings. With the development of sustainable architecture, green 
city design has become far more economic in recent years, with construction and building 
materials now comparable in price to traditional construction materials. 
Furthermore, sustainable architecture serves as a valid way to demonstrate the benefits of 
energy efficiency to society. Everyone who is involved in the building design, construction, and 
operations, as well as citizens and occupants working inside the facility, gain valuable 
knowledge and understanding about energy efficiencies and the technology used. Moreover, 
sustainable buildings can serve as useful case studies for future design, improve the value of 
daily lives and owners' property. 
The final benefit is health-related. According to the Environmental Protection Agency, 
outdoor air is two to five times less polluted than indoor air. Building and furnishing materials 
such as paints, cleaning products, and carpets can be harmful to for human health. The use of 
sustainable materials can help purify the air.16 In addition, if people with better and easy access 
to green spaces, they are more likely to have better physical and mental health. Sustainable 
architecture and green building features such as living walls and green roofs have a strong 
positive impact on the residents within and in the vicinity of the green buildings.17 An article by 
Beatley and Newman makes a similar claim that sustainable buildings are beneficial to people's 
 
16 Koutsogiannis, A. (2018, May 22). Ten Benefits of Sustainable Construction. Retrieved July 28, 2020, from 
https://www.constructionexec.com/article/ten-benefits-of-sustainable-construction 






health. There is a growing body of evidence of the physical and mental health benefits associated 
with greenery and green elements in living and work environments. Research at the building 
scale shows strong positive relationships between the presence of natural daylighting, fresh air, 
and greenery, with an increases in worker happiness and productivity.18 
3.3 Sustainable architecture trends in China   
In the twenty-first century, many countries are focuing on energy saving, environmental 
protection, and sustainable development, making sustainable architecture far more popular than 
it was in the twentieth century. For example, climate change remains a driver for green building, 
with 77% of the respondents listing lowering greenhouse gas emissions as an important reason 
for their organization to be engaged in green building. In every region, the most important 
environmental reason for green building was reduced energy consumption, which is closely 
linked to greenhouse gas emissions.19 
The international market for green construction projects has grown significantly in the 
last decade, and the demand for green building activity is poised to continue growing in the 
coming years. The World Green Building Trends 2018 Smart Market Report indicates an 
increase in the percentage of industry respondents who expect to do the majority (more than 
60%) of their projects green – jumping from 27% in 2018 to almost half (47%) by 2021. There 
has been strong growth in green building projects that are certified under a recognized green 
building rating system.  
 
18 Beatley, T., &amp; Newman, P. (2013). Biophilic Cities Are Sustainable, Resilient Cities. Sustainability, 5(8), 3328-
3345. doi:10.3390/su5083328 






To achieve green and sustainable development, reducing building energy consumption is 
one of the top priorities on the Chinese government's agenda. China's 13th Five-Year Plan for 
Building Energy Efficiency and Green Building Development includes aggressive goals for 
green building construction and renovation, including a requirement for 50% of all new urban 
buildings to be certified green buildings by 2020.20 As the national Five-Year Plan cascades to 
provincial and municipal jurisdictions, nearly 20 cities have set even more ambitious targets. For 
example, Changde, Zhenjiang, Zibo, Wuxi, Suzhou, Shanghai, Beijing, Shenzhen, and 
Chongqing require all new commercial buildings to be green buildings. In the pursuit of more 
sustainable buildings, more than 90% of China's commercial building owners plan to have at 
least one sustainable building in the next ten years.21 
3.4 Shanghai climate 
This analysis is developed based in Shanghai, a large international city in East China, 
which will further influence sustainable commercial projects in other cities in China and 
worldwide. In addition, due to the dramatically growing demand for commercial complexes, and 
traditional commercial complexes consuming a great deal of energy, a multitude of sustainable 
commercial complexes will be developed over in the next few decades in Shanghai.  
The geography of Shanghai is characterized by its location on the Yangtze River Delta on 
China's east coast and its proximity to the Pacific Ocean via the East China Sea. The city is 
centered on the Huangpu River, a tributary of the Yangtze River. It extends outward in all 
 
20 WeylManager, D. (2017, August 28). Lessons from China's ambitious green building movement. Retrieved July 
28, 2020, from https://www.greenbiz.com/article/lessons-chinas-ambitious-green-building-movement 
21 Written by Alex Molinaroli, C. (2017, June 21). China's clean, green buildings of the future. Retrieved July 28, 





directions, with the suburbs and satellite towns reaching east to the East China Sea, north and 
west to Jiangsu province, and south to Zhejiang province over Hangzhou Bay. 
Most of Shanghai's land area is flat, apart from hills in the southwest corner, due to its location 
on the alluvial plain of the Yangtze's river delta. The city has many rivers and lakes and is known 
for its rich water resources. Its coastal, riverside location and warm climate ensuring ice-free 
waters, provide easy access to China's interior, resulting in Shanghai being the world's largest 
port.22 Building climates are classified using building pyrology zones, as shown in Figure 1, 
which are divided into five climate zones: frigid cold climate, cold climate, warm-summer/cold-
winter, warm, and hot-summer/warm-winter climate zones.23 Shanghai is located in "hot 
summer/cold winter" climate zone. 
             
                                               Figure 1.  Chinese building pyrology zones. 
 
22 Geography of Shanghai. (2020, July 22). Retrieved July 29, 2020, from 
https://en.wikipedia.org/wiki/Geography_of_Shanghai 
23 Zhisheng, L., Lin, Y., Jiawen, L., Xuhong, L., &amp; Xiaoxia, W. (2012). A study of energy performance and audit of 







Shanghai has a humid subtropical climate with four distinct seasons. Winters are cold, 
and temperatures occasionally drop below zero degrees Celsius. Snow seldom falls. In contrast, 
summers tend to be hot and humid. The temperatures are not extreme. The hottest month is July, 
with an average high of 32 °C (90 °F), Whereas the coldest month is January, with an average 
low of 1 °C (34 °F).24 
3.4.2 Temperature 
As shown in Figure 2, the hot season lasts for 3.0 months, from June 16 to September 14, 
with an average daily high temperature above 81°F. The hottest day of the year is July 27, with 
an average high of 90°F and low of 79°F. The cool season lasts for 3.2 months, from December 4 
to March 12, with an average daily high temperature below 54°F. The coldest day of the year is 
January 20, with an average low of 35°F and high of 45°F. 
                        
                       Figure 2. The daily average high (red line) and low (blue line) temperature, 
                                                 with 25th to 75th and 10th to 90th percentile bands.  
 






3.4.3 Cloud cover 
In Shanghai, the average percentage of sky covered by clouds experiences significant 
seasonal variation over the course of the year. The clearer part of the year in Shanghai begins 
around August 31 and lasts for 6.5 months, ending around March 15 as shown in Figure 3. On 
December 12, the clearest day of the year, the sky is clear, mostly clear, or partly cloudy 73% of 
the time, and overcast or mostly cloudy 27% of the time. The cloudier part of the year begins 
around March 15 and lasts for 5.5 months, ending around August 31. On July 4, the cloudiest 
day of the year, the sky is overcast or mostly cloudy 75% of the time, and clear, mostly clear, or 
partly cloudy 25% of the time. 
            
                    Figure 3. The percentage of time spent in each cloud cover band, categorized  










To show variation within the months and not just the monthly totals, we show the rainfall 
accumulated over a sliding 31-day period centered around each day of the year. Shanghai 
experiences extreme seasonal variation in monthly rainfall.  
Rain falls throughout the year in Shanghai. The most rain falls during the 31 days 
centered around June 24 as shown in Figure 4, with an average total accumulation of 6.8 inches.  
The least rain falls around December 19, with an average total accumulation of 1.3 inches. 
                 
                           Figure 4. The average rainfall (solid line) accumulated over the course of a sliding  
                           31-day period centered on the day in question, with 25th to 75th and 10th to 90th                   
                         percentile bands. The thin dotted line is the corresponding average liquid-equivalent     
                                                                                 snowfall. 
3.4.5 Sun 
The length of the day in Shanghai varies significantly over the course of the year. In 
2020, the shortest day is December 21, with 10 hours and 7 minutes of daylighting; the longest 





         
                            Figure 5. The number of hours during which the Sun is visible (black line). From   
                               bottom (most yellow) to top (most gray), the color bands indicate full daylighting,  
                                          twilight (civil, nautical, and astronomical), and full night. 
3.4.6 Humidity 
Shanghai experiences extreme seasonal variation in the perceived humidity. The more 
humid period of the year lasts for 4.7 months, from May 17 to October 7, when the comfort level 
is muggy, oppressive, or miserable at least 25% of the time. The muggiest day of the year is July 
24, with muggy conditions 100% of the time as shown in Figure 6. The least humid day of the 
year is January 29, when muggy conditions are essentially unheard of. 
               







The average hourly wind speed in Shanghai experiences mild seasonal variations over the 
course of the year. As shown in Figure 7, the windier part of the year lasts for 6.2 months, from 
November 13 to May 20, with average wind speeds of more than 11.2 miles per hour. The 
windiest day of the year is March 9, with an average hourly wind speed of 12.0 miles per hour. 
The calmer time of year lasts for 5.8 months, from May 20 to November 13. The calmest day of 
the year is June 23, with an average hourly wind speed of 10.4 miles per hour.                                                                                                                             
                  
                   Figure 7. The average of mean hourly wind speeds (dark gray line), with 25th to 75th  
                                                         and 10th to 90th percentile bands. 
                
                     Figure 8. The percentage of hours in which the mean wind direction is from each of the 





3.5 Current commercial complexes in Shanghai 
Shanghai has approximately 230 commercial complexes with floor areas exceed 320,000 
square feet in Shanghai. 25 By the end of 2019, Shanghai had 59 newly launched commercial 
complexes, including 32 that were newly constructed.  
      
                  
                       Figure 9. Newly constructed commercial complexes in Shanghai (2019) 
Based on Figure 9, one newly constructed commercial complexes is extralarge, with a 
floor area exceeding 200,000 m2 (two million SF), accounting for 10.2% of Shanghai's total 
newly constructed commercial complexes’ floor area. Seven commercial complexes' floor areas 
are between 100,000m2—200,000m2 (one and two million SF), accounting for 33%. Seventeen 
commercial complexes' floor areas are between 50,000m2—100,000m2 (540,000 and one million 
SF), accounting for 45%, and seven commercial complexes' floor areas are between 30,000m2—
50,000m2 (300,000 to 500,000 SF), accounting for 11.8%.26 Thus, the typical commercial 
 
25 2019 Commercial Complexes Report in Shanghai. (2019, May 12). Retrieved August 30, 2019, from 
https://www.powerde.com/news_in-3491.html 






complex's floor area is between 50,000m2—100,000m2 (540,000 andone million SF) in Shanghai 
currently. 
                     
                       Figure 10. The distribute of commercial complexes in different district in Shanghai 
Based on Figure 10, almost half of commercial complexes (149 of 290) are in the core of 
Shanghai, while 40 are in the suburban area, and 107 are in the exurban area. 
Most commercial complexes in Shanghai look like isolated boxes. These traditional 
commercial complexes do not have open public spaces, which disconnects them from the 
surrounding communities. In addition, due to these commercial complexes not having considered 









3.5.2 Current commercial complexes' energy consumption in Shanghai 
The total energy consumption of public buildings in Shanghai was approximately 6.93 
billion kWh in 2016.27 Commercial complexes accounted for 26% of Shanghai’s total public 
building consumption, which is approximately 1.8 billion kWh, or 135 kW/m2 (1444.5kWh/SF). 
Electricity is the main fuel type for commercial complexes and its end uses include lighting, 
cooling, heating, powering equipment and others. As shown in Figure 11, 40% for lighting; 12% 
for appliances (e.g., plugs, computers, printers); 26% for HVAC; 6% for processes (e.g., power 
equipment, elevators, pumps); 2% for heating water; and 14% for other uses (e.h., ventilation 
and kitchen equipment). 
 
                                                  Figure 11. Electricity consumption by end-uses in Shanghai  
The average energy consumption includes lighting, which consumes 54 kWh/m2 
(577.8kWh/SF); appliances, which consume 16.2 kWh/m2 (173.3 kWh/SF); cooling and heating 
which consume 35.1 kWh/m2 (375.6 kWh/SF); process load, which consumes 8.1 kWh/m2 (86.6 
kWh/SF); heating water, which consumes 2.7 kWh/m2 (29 kWh/SF); and other uses, which 
 







consume 18.9 kWh/m2 (202kWh/SF). In addition, water consumption is approximately 
15L/m2/day (160L/SF/day).                                                           
    
         Table 1. Monthly electricity consumption for different type of buildings (commercial complex is red) 
As shown in Table 1, monthly electricity usage is variable, and it is related to monthly 
temperature. During the summer in Shanghai, electricity usage is the highest for the year because 
the average temperature during summer is 85oF. Hence, commercial complexes use a great deal 
of electricity for interior cooling. Equally, due to January's temperature being the lowest in 
Shanghai (below 35oF), electricity usage in January is the highest for interior heating.   
3.6 Future commercial complexes in Shanghai 
It is predicted that typical commercial complexes in Shanghai will increase by 20 % in 
the next five years, and extra-large commercial complexes will increase by 11.5%. In addition to 
the commercial complex's normal function, the new commercial complexes will not be isolated, 
but rather be a part of the local community. Providing public space for surrounding residents 





also a vehicle to deepen the relationships between local residents. Furthermore, future 
commercial complexes will utilize sustainable technology to reduce energy consumption and 
implement green architecture. 
3.7 Research papers related to sustainable commercial complexes 
 The first research paper, "Common Spaces of Multi-Commercial Complexes from Urban 
Sustainability," was divided into three categories: environmental, social, and economic 
sustainability.28 As the population continues to grow, commercial complexes play an essential 
role in each city and attract more people. The function of commercial complexes is not only for 
purchasing goods but also for providing other services, such as entertainment, dining, and 
exercise facilities. As result, the complex becomes a large-scale commercial space that creates a 
more dynamic and expanded urban space.29 This paper discusses sustainable commercial 
complexes from three perspectives: environmental sustainability, urban sustainability, and 
economic sustainability. Commercial complexes should strive to minimize pollution, maximize 
efficient energy use, and include public green areas. Architects should design an eco-friendly 
commercial complex for the surrounding environment. Second, social sustainability is related to 
religion, tradition, and culture. The sustainable design should fit into the local social culture and 
local identity. Commercial complexes should provide public spaces for residents. This space 
serves as an amenity area that enables meetings, events, breaks, and so on among commercial 
areas.30 With regard to economic sustainability, activities such as recycling, redesign, reuse, 
 
28 Kim, S. (2017). Common Spaces of Multi-Commercial Complexes from Urban Sustainability. Sustainability, 9(8), 
1336. doi:10.3390/su9081336 
29 Kim, S. (2017). Common Spaces of Multi-Commercial Complexes from Urban Sustainability. Sustainability, 9(8), 
1336. doi:10.3390/su9081336 






energy efficiency, and extended lifespan help to reduce development costs. In addition, a 
combination of commercial facilities has been representative of complex development in recent 
years, which could pursue a synergy effect economically. 
 In the second paper, "Design of A Sustainable Building: A Conceptual Framework for 
Implementing Sustainability in the Building Sector", the sustainable framework includes 
economic sustainability, which maintains high levels of local economic growth and employment; 
environmental sustainability, refer to the effective protection of the environment; and social 
sustainability, which recognizes the needs of everyone. In addition, this paper discusses the 
framework of implementing sustainability in building construction, as shown in Figure 12. 
        
 
                                Figure 12. Framework for implementing sustainability in building construction 
Implementing sustainability in building construction has three objectives: resource conservation, 
cost efficiency, and design for human adaptation. Each involves different strategies to achieve its 
goal. Resource conservation means achieving more with less consumption. Cost efficiency 
pertains to promoting the utmost efficiency and reducing financial costs. Design for human 





Furthermore, this paper lists sustainable strategies such as daylighting, natural ventilation,  and 
thermal comfort. 
 The third paper, "A Sustainable Solution of Urban Revitalization: Transformations of 
Shopping Malls," examines the renovation of contemporary shopping centers using sustainable 
strategies, transforming them into sustainable malls. As contemporary society continues to grow, 
shopping malls play an important role in people’s daily lives, and people spend an increasing 
amount of time at shopping malls on the weekends. Shopping centers are considered the most 
important human element of urban design that is shaped by the social, cultural and economic 
characters of living society.31 It is necessary to convert existing shopping malls into sustainable 
malls. Considering the body structure, function, interior design and environment of public places, 
the importance of sustainable approaches in shopping centers have become more important and 
should be discussed carefully and in details. 32 This paper outlines the same sustainable 
principles of environment, society, and economy as the first two, and it includes case studies to 
explain how to renovate traditional shopping centers using appropriate sustainable methods. 
Furthermore, it discusses reusing an abandoned shopping mall, utilizing existing interior spaces 
for relevant programs. 
In conclusion, the main context of these three papers is similar; all of them define the 
three basic principles of sustainable commercial complexes. However, each paper focuses on 
different topics. These papers provide additional information and inspiration for this thesis 
research paper. 
 
31 Rıza Fatih, M., &amp; Soufi Moazemi, G. (2019). A Sustainable Solution of Urban Revitalization: Transformations 
of Shopping Malls. Selcuk Üniversitesi Sosyal Bilimler Enstitüsü Dergisi; Adana, (41), 235-245. 
32 Rıza Fatih, M., &amp; Soufi Moazemi, G. (2019). A Sustainable Solution of Urban Revitalization: Transformations 





3.8 Conclusion on sustainable strategies 
 Based on previous research on the benefits of sustainable architecture, a common opinion 
on the main critical factors for sustainable architectural design emerges: 
1. Reducing energy and water consumption by using green energy 
2. Implementing rainwater collection, and enabling efficiency energy use. 
3. Increasing green spaces and 
4. Interior daylighting provides healthy and comfortable environments for human activities 
while creating an eco-friendly environment with sustainable architecture. 















CHAPTER 4 CASE STUDIES 
4.1 New office complex in Belval, Luxembourg 
 
                                            Figure 13. The façade of new office complex in Belval  
The first case study is a new office complex, which utilizes different active and passive 
sustainable strategies to meeting a BREEAM Excellent rating and a WELL Building Standard® 
certification. The façade is both structural and environmentally responsive, providing an 
integrated solution which allows for internal column-free office spaces as well as solar shading 
and maximized internal daylighting.33 The implemented strategies include: 
1. District heating and chilled ceiling system with exposed structural slabs 
2. Self-shading facade at a depth of 1.35m (4.4 feet) 
 
33 Harrouk, C. (2020, June 02). Foster Partners Designs ICÔNE, a New Office Complex in Belval, Luxembourg. 







3. Use of concrete throughout the project for high thermal mass 
4. Exposed soffits combined with chilled ceiling system allowing for more even radiant 
temperature with lower cooling/heating demand 
5. Green roofs used as suds (sustainable urban drainage system) 
6. Water recycled for greywater 
7. Green internal social spaces with trees and planting within atria 
8. Maximized daylighting & Open-able windows 
                            
                                     Figure 14. The atrium of new office complex in Belval  
Although this project is an office complex, some of its strategies are also well-suited for 
the current commercial complex in Shanghai. For example, the project is designed to have open, 
flexible workspaces that respond to today's emerging work models. Present commercial 
complexes in Shanghai need to implement open and flexible public spaces. These spaces' 
function is changeable due to different demands, and they facilitate the social connection 
between people in communities. The atrium is a green, light-filled space that is the project's 





Biophilia, green landscaping, natural ventilation, and visual connectivity all promote 
collaboration and healthy wellbeing.34 
4.2 "Wooden Orchids" green shopping center in China 
 
                                       Figure 15. Wooden Orchids commercial complexes 
This proposed "Wooden Orchids" project consolidates culture and commercial complexes 
in a green hub that speaks to the area's demographic and climatic influences. Integrated into the 
existing urban framework, Wooden Orchids aims to counter the negative effects of the growing 
 
34 Harrouk, C. (2020, June 02). Foster Partners Designs ICÔNE, a New Office Complex in Belval, Luxembourg. 







influx of rural occupants - namely overcrowding and pollution.35 The relationship between 
Wooden Orchids and the existing urban framework is essential to consider for the present thesis 
to consider. To encourage people to choose green transportation, this commercial complex 
contains a network of bicycle and pedestrian paths that creates an internal linkage system. 
             
                                  Figure 16. Wooden Orchids commercial complexes elevations 
The cells themselves employ additive and subtractive processes in response to their 
programs. The movie theaters, library, fitness facility, and food service areas rely on solid 
facades, while the farmers market and shops interlaced with gardens bring in natural light 
through transparent ones. 36 The complex utilizes numerous strategies to achieve sustainability. It 
contains material systems that are easily repaired and replaced with the resources at hand, thus 
 
35 Giermann, H. (2014, May 27). Vincent Callebaut Proposes "Wooden Orchids" Green Shopping Center for China. 
Retrieved September 01, 2020, from https://www.archdaily.com/635899/vincent-callebaut-proposes-wooden-
orchids-green-shopping-center-for-china?ad_source=search 
36 Giermann, H. (2014, May 27). Vincent Callebaut Proposes "Wooden Orchids" Green Shopping Center for China. 






decreasing waste, maximizing economic value, and fostering reuse. Moreover, Wooden Orchids 
relies heavily on passive strategies and renewable energy sources to achieve a 70% reduction in 
energy use. These include geothermal heating and cooling, rainwater collection, maximized 
daylighting through building orientation, wind turbines, and communal rooftop orchards that 
purify the air. 
4.3 Mixed-use Shimao ShenKong international center in Shenzhen 
    
                                       Figure 17. Shimao ShenKong International Center 
Shimao ShenKong international center acts as a new three-dimensional urban living room 
for the city of Shenzhen. This project provides an excellent model for future commercial 
complexes, by including more than 20 programs, utilizing sustainable strategies, and integrating 
into the existing community. It aims to create an area that encourages people to be outside even 
when it is hot—a literally cool space for the university district. This thesis can learn how public 





Conceived around the notion of sustainability, the project, situated on a defined public space, 
will be an integrated part of the university neighborhood, bringing innovation and liveliness to 
the area.37 In order to knit Shenzhen's newest urban living room into its context, the second floor 
holds bridging elements that form a continuous route and connect the development with the 
surroundings. 
      
                                                 Figure 18. pedestrian-friendly landscape 
A sustainable hub for the surrounding area includes a pedestrian-friendly landscape with 
a mixture of functions and public transport. With sustainability at the core of the design concept, 
the architects used recycled concrete, added photovoltaic panels on the rooftops, and included an 
abundance of green and water features to "reduce the local temperature and provide habitat for 
urban wildlife, while gardens and rainwater collection generate food and water resources.” 
Adapted for different functions, the large shaded terraces create a shield from the Sun and 
 
37 Harrouk, C. (2020, March 23). MVRDV Wins Competition to Design the Mixed-Use Shimao ShenKong 







provide green climate buffer zones. Their irregular form can generate connections between the 
various floors doubling as small outdoor auditoriums in some places, while in others, it can 
create entrances and recognizable places.38 
4.4 Hangzhou Duolan Commercial Complex  
 
                                         Figure 19. Hangzhou Duolan commercial complex 
The new district typifies contemporary Chinese urbanism: high density, high speed, 
highly privatized, and well-engineered, but with surprisingly underdeveloped public open public 
space. Thus, this project focuses on combining public open space with commercial complex, 
adding public space for urban space. Architects developed the building as a perimeter block to 
create active street and park edges, and to create a number of public squares, courtyards, and 
 
38 Harrouk, C. (2020, March 23). MVRDV Wins Competition to Design the Mixed-Use Shimao ShenKong 







lanes internally; the shopping mall is turned inside out. The complex can be explored via a 
number of highly connected or loopy multileveled routes.39
                 
                      Figure 20. Hangzhou Duolan commercial complex design process 
By slicing diagonally through the rectilinear perimeter block, the roof gains access to the 
ground level, and each floor gains immediate access to the roof. Occupants can access the 
different floors via the external stairs of the roof garden, or from the traditional internal lobby. At 
the rooftop garden, entrance to each floor is a terrace with space for occupants of that floor to 
meet informally as they cross paths. Within the building there are shared triple height balconies 
and atria for occupants’ use. "We believe the scaling and localizing of shared space, from the 
district scale street edge plaza, to the shared front door of the units, brings potential for the 
informal creation of a range of communities of different scale."40 
The green roof in Hangzhou's garden city provides the city with a unique public open 
space; creates social, entertaining, community garden, and recreational spaces for occupants; and 
supports a myriad of environmental benefits, including reducing the urban heat island effect 
 
39 Aguilar, C. (2014, July 08). Hangzhou Duolan Commercial Complex / BAU Brearley Architects Urbanists. Retrieved 
September 01, 2020, from https://www.archdaily.com/522376/hangzhou-duolan-commercial-complex-brearley-
architects-urbanists?ad_source=search 
40 Aguilar, C. (2014, July 08). Hangzhou Duolan Commercial Complex / BAU Brearley Architects Urbanists. Retrieved 






(Hangzhou has extreme summers); recycling water (water is collected from the rooftop and 
reused for watering plants); providing opportunities for urban farming; and maintaining flora and 
fauna in the city. 
4.5 New waterfront development in Wenzhou, China 
    
                                   Figure 21. New Waterfront Development in Wenzhou 
This project's core is to redesign an existing waterfront, which comprises two plots, one 
containing the "INCITY MEGA Mall" and the other featuring a long, narrow waterfront 
boutique district. Together, the plots combine to create a "three-dimensional urban space" which 
integrates commercial and public realms. Interior circulation is important for this present thesis 
to consider. 
"We saw the opportunity for both plots to become an extension of the Green Axis Park 
for Wenzhou. With the unique benefit of being on the waterfront, we wanted to open up the 





development."41 What visitors will notice across the entire development is the connectivity to the 
waterfront and outdoors – not only on the ground floor, but also as they rise through the 
development. The network of platforms, outdoor walkways, open-air bazaars and landscaped 
decks help create a unique environment. 
 
                                        Figure 22. Courtyard with open-air platforms 
As shown in Figure 22, this courtyard forms the complex's heart, which could have 
different functions based on different requirements. It flanked by open-air platforms on the levels 





41Walsh, N. (2018, June 21). Benoy Releases Images of New Waterfront Development in Wenzhou, China. 






4.6 Conclusion from the case studies 
The "New Office Complex in Belval, Luxembourg" creates an open and flexible space 
for occupants, which is changeable based on demands. It responds to the sustainable architecture 
trend. This project also utilizes natural light and open space, which provides visual connectivity 
and a dynamic atmosphere for both work and play. Although this project is an office complex, its 
sustainable strategies can also be used for commercial complexes.   
The "Wooden Orchids green shopping center" and "Hangzhou Duolan commercial 
complex" focus on China's current urban framework. "Wooden Orchids green shopping center" 
aims to counter the negative effects of overcrowding and pollution. Thus, this project's materials 
are replaced with local resources, thus decreasing waste, maximizing economic value, and 
fostering a spirit of reuse. In addition, "Wooden Orchids green shopping center" relies heavily on 
passive strategies and renewable energy sources. Contemporary Chinese urbanism is 
characterized by being high density, high speed, highly privatized, but it has underdeveloped 
open public space. Thus, the "Hangzhou Duolan commercial complex" focuses on providing 
open public space in an urban area. Its unique roof allows people to reach the roof garden 
directly from the ground floor and creates social, entertaining, community garden, and 
recreational spaces for occupants. It also supports a myriad of environmental benefits, including 
reducing the urban heat island effect and water recycling. 
"Shenkong international center" and "New waterfront development" two projects act as 
new three-dimensional urban living rooms for the city. , creating an area where people want to be 
outside and providing public spaces for communities, which include a pedestrian-friendly 





sustainable technologies to reduce energy consumption, provide urban farming, and maintain 
flora and fauna in the city, creating an eco-friendly environment.  
The aforementioned projects provide different design strategies for future commercial 
complexes and solutions for current commercial complexes' problems in China. The sustainable 
strategies found in all the case studies includes: 
A. Maximized internal daylighting 
B. Green internal social spaces  
C. Renewable energy sources to reduce energy use 
D. Rainwater collection 
E. Reducing urban heat island effect 
After reviewing the literature (Chapter 3) and case studies (Chapter 4), this thesis 
develops a  sustainable commercial complex design that (1) reduces fossile fuel consumption 
with using renewable energy, (2) reduces water consumption through rainwater collection, (3) 












CHAPTER 5 PROGRAM 
The programming phase is an essential step that leads to the final architectural design. 
This phase involves establishing the client and user values, project goals, and the functions of 
each space, as well as identifying the space size of the space. 
5.1 Client and user values 
 Commercial complexes create an importance public space in the city. Besides satisfying 
basic commercial functions, they are also connected with communities and bring people 
together. Providing a green, sustainable, and comfortable public space for community members 
enables people to connect with each other through shopping, eating, meetings, and events. 
5.2 Project goals 
 In China, traditional commercial complexes are isolated and disconnected from the 
surrounding environment.  They lack green space for surrounding neighborhoods and 
communities. The new design must create a sense of warmth where everyone feels welcome and 
comfortable. Simultaneously, it must be an open, multivariant, green and relaxed modern 
commercial complex, different from the traditional one.  
 This project is located in a residential area; thus, the design must create a space that can 
satisfy residents' social requirements. 
 The sustainability goals include reducing energy consumption, increasing natural 
lighting, and integrating green spaces. These are achieved by utilizing sustainable design 





to take advantage of natural forces to accomplish this. Active systems are considered, such as 
solar panels, natural lighting, and wind turbines are considered.  
5.3.1 Site analysis  
 The selected site is located in the Minhang district, which east of the old city center of 
Shanghai. As Figure 23 shown, the target site is classified for commercial and business use. The 
surrounding area has a good mix of programs, such as commercial, residential, office, schools, 
and government buildings.
                                   Figure 23. Target site and surround area 
 The majority of the residential communities are situated to the northwest and southeast of 
the site, and most commercial areas are to the northeast. The distance between the farthest 
residential community and target site in this Figure is approximately 20 minutes by walking. 






   
                                                      Figure 24. Surround transport system 
 As Figure 24 shown, there is an integrated public transportation system in the 
surrounding of the site. Six bus stations and two subway stations, which provides a lot of choices 
for people to come here by public transportation easily. In addition, due to the integrated 
transportation system, this commercial complex can reduce parking space to encourage people to 
choose public transportation.  
 As Figure 25 shown, the existing site view from point 1, Figure 26 shows the existing site 
view from point 2, and Figure 27 shows the existing site view from point 3. These three images 





                     
                                                     Figure 25. Existing site view from point 1 
                    
                                                    Figure 26. Existing site view from point 2 
                  





This site was selected for several reasons: 1. Its surroundings are full of residential, 
commercial, and public service areas. With a large number of people living in this area, the site 
has the potential to implement a commercial complex to improve the living condition of local 
residents. 2. It is located in the core area of the Minhang district, which has tremendous potential 
for commercial and business activities. This is an advantage for commercial complex 
development. 3. The site area is full of public transportation, which provides an excellent 
opportunity for sustainable commercial complex design.   
5.3.2 Context analysis 
 The Minhang district is one of the youngest districts in suburban of Shanghai and was 
established on September 26, 1992, located in the middle of Shanghai. Minhang was developed 
in 30 years ago. Most of the current residents were moved into this district during the rapid urban 
expansion process. The district covers an area of 371.68 square kilometers, and the population 
reached 2.5 million in 2012. As shown in Figure 28, the gender ratio is balanced in this area, 





      
                                                             Figure 28. Gender ratio  
 
 


























As Figure 29 shown, 68% of the population is younger than 50 years old, and almost 12% 
of the population is of school ago. There is a great potential to plan more family-friendly public 
spaces to improve residents’ physical and social well-being.  
In 2019, the total output value of the Minhang district was 252.082 billion yuan, of which 
the primary industry’s (i.e., agriculture) added value was 90 million yuan, the secondary 
industry’s (i.e., industrial) added value was 92.365 billion yuan, the tertiary industry’s (service, 
estate and retails) added value was 159.627 billion yuan.  
Due to the Minhang district’s distance from the city center, there are many natural parks 
in Minhang district, which has 8,701 hectares of green land and 6,843 hectares of woodland; the 
forest coverage rate is approximately 16.0%. There are six historic towns in this district, which 
attract 7.269 million visitors every year, and tourism generates 120 million yuan. 
The main feature of Minhang district is the sports industry, and there are 75 tennis courts 
in this district. The famous Shanghai ATP Masters 1000 is a men's tennis tournament held in 
Shanghai every year. The main venue is the Shanghai Qizhong Forest Sports City Tennis Center, 
which has more than 15,000 seats in the Minhang district and is the world's third-largest tennis 
courts complex. 
5.3.3 Constraints and opportunities 
Constraints: 
a. There are existing buildings ot the north and west sides of the site that will block 
some daylighting from entering the complex’s interior. 






a. There are many bus stations and two subway stations in the site’s surrounding 
area, which provides the opportunity for people to use public transportation  and 
to reduce the number of parking lots. 
b. There is no building on the south side of the site, which will provide enough 
daylighting for the interior of the complex. 
c. The site is close to the surrounding residential areas.   
d. The site is located on a main city street, which will attract more attention from the 
public. 
e. There are office buildings nearby, which brings a large number of workers to the 
area every day. 
 
5.3.4 Zoning and building code 
Zoning code 
A. The entrance of building in this site should face to the main street of city.  
B. The location of daily trash should not affect surround environment. 
C. The storm-water drainage of site should not affect surround green spaces. 
D. The set back of both sides are 15m (49 feet), front of site is 30m (98 feet) and rear of site 
is 10m (32.6 feet). 
E. The location of building in this site should not affect surround existing buildings. 
F. The entrance of site must be clear open area. 





H. The maximum height is 12 stories (196 feet). 
I. The purpose of site is commercial site. 
J. City planning is the basis for urban construction and for administration of city planning. 
Land use and all types of construction work must conform with city planning and be 
subjected to administrative control by city planning. 
K. Every organization and individual person have the obligation to comply with the 
requirements of city planning and has the right to complain against and denounce any act 
in violation of city planning. 
L. Site planning must conform with development strategies of the city, must be integrated 
with economic and social development plans, and must be in concert with the overall 
planning governing homeland planning, hydrographic planning and land use overall 
planning. 
M. Site planning and urban construction must protect the public interest of society at large, 
must conform with the requirements of fire prevention, earthquake precaution measures, 
flood control, civil defence, etc. in the city, and must safeguard public safety, public 
sanitation, urban traffic and the cityscape. 
Building code for commercial complex 
                        





A. This commercial complex building code is not fit for single retail store, which floor area 
is smaller than 100m2 (1076 SF). 
B. Commercial complexes' scale should base on table 2 to decide. 
C. Commercial complexes cannot sell flammable & combustible products. 
D. Big scale commercial complexes should have at least two public entrances. 
E. The width of fire engine access at least 4m (13 feet), but 7m (23 feet) is better. 
F. The entrance, elevator and restroom should fit ADA requirements. 
G. The underground parking should have two entrances, which is located on the different 
streets. 
H. The commercial complex should have three areas: retail area, storage area and support 
area. 
I. The angle of the escalator should not exceed 30°. 
J. It is better to utilizes natural light and ventilation. 
K. Large scale commercial complexes should have 2H fire-resistance wall. 
L. Large scale commercial complexes, which have more than 5 stories should have at least 
two enclosed staircases. 
M. The width of normal stair is at least 1.4m (4.6 feet), the width of treads is at least 0.28m 
(1 foot) and the high of riser is no higher than 0.16m (50 inches). 
N. The width of enclosed staircase is at least 1.4m (4.6 feet), the width of treads is at least 
0.26m (0.85 feet) and the high of riser is no higher than 0.17m (0.55 feet). 
O. The commercial complexes should include some sustainable strategies. 
P. Commercial complexes should have monitor cameras. 





After research the zoning and building code, it provides some design requirements. For 
this project, the whole site design and building design should not negatively affect the 
surrounding area and existing buildings. The building should meet the setback requirement and 
height requirements. All the entrances, walls, stairs, and restrooms should meet the specific 
requirement.  The building and zoning code are groups of terms and requirements as of the laws, 
regulations, and annexes related to buildings and constructions to ensure safety and public 
health, which are enacted by the Department of Shanghai urban planning based on the culture, 
geographical and climate in Shanghai. 
5.4.1 Program elements and area 
 As shown in Table 3, this is the final result for establishing program elements and areas 
after referring to the case studies and online research. 
 Only Shimao International Center and Wooden Orchids list the specific program and its 
area. Thus, the proposal area is based on these two projects. The floor area of Shimao 
International Center is 82,000m2 (882,640 SF), and the Wooden Orchids' is 71,000m2 (764,237 
SF). The present project 65,000m2 (699,654 SF). Thus, the area of movie theatre, supermarket, 
and children center is similar to that of Wooden Orchids. Based on researching the requirements 
of retail stores and Wooden Orchids as an example, the total area of retail stores is 24,000m2 
(258,333 SF). The food corner area is 11,000m2 (118,403 SF). However, this project focuses on 
increasing public green spaces. The bookstore area is twice the size of Wooden Orchids' because 
the new bookstore design includes half-open space, which connects with the roof garden, 
providing healthy and comfortable reading spaces for people. For the same reason, the public 
green space is also larger than that of Wooden Orchids. The proposed parking lots is only half 





which encourage people choose public transportation to reduce CO2 emissions, supporting the 
goal of the sustainable commercial complex.  
 After referring to the case studies and conducting online research, the researcher 
established the following program elements and areas as shown in table 3. 
                      
       
                                                             Table 3. Program elements and Area 
 To achieve a sustainable commercial complex, this project implements various design 
strategies: Using solar energy to reduce commercial complex energy consumption; utilizing 
daylighting to reduce lighting energy consumption; reducing daily water consumption by 
rainwater collection. The orientation of building is faces south to take advantage of natural forces 
and active systems such as solar panels and natural lighting. Besides these strategies, this project 
increases the public green space to provide a welcoming, comfortable, and healthy outdoor area 






5.4.2 Green comfortable space 
 This commercial complex aims to provide a sustainable, vital, and comfortable public 
space for communities. For this project, a comfortable public space means a place full of natural 
daylighting, fresh air, and greenery that provides positive physical and mental health benefits for 
residents. Green neighborhoods and more natural living environments have been associated with 
reductions in stress and increased levels of physical and mental health.42 Urban environments 
that are greener, and more natural attract greater interest from residents, and they will walk more 
and spend more time outside, leading to considerable positive health effects. Installing green 
walls, green roof, and planting new local trees and community gardens are among the many 
ways in which commercial complexes can become greener. In addition to positive physical and 
mental health benefits, natural green space can solve pollution problems. Urban green space can 
regulate air and water pollution, mitigate urban heat effects, reduce carbon footprints and 
resource needs.43 Furthermore, research has recognized the relationship between green space and 
level of education. Some studies have linked the benefits from green spaces with aspects of 
educational achievement and cognitive functioning, and higher levels of greenness were 
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CHAPTER 6 METHODOLOGY 
 This chapter focuses on the concept design to achieve a sustainable commercial complex. 
Finding an existing typical commercial complex in Shanghai can help provide data (e.g., energy 
consumption, water usage, natural lighting, and sustainable strategies) as a baseline. The 
literature review, case studies, and program contain all the elements for the next step: concept 
design. The final design proposal is compared with the existing typical commercial complex to 
illustrate how the new design achieves sustainability by saving energy, reducing daily water 
consumption, increasing interior natural lighting, and increasing public green space. 
6.1 Criteria and evaluation 
 The proposed design focuses on utilizing sustainable strategies during the design process. 
Based on Chapters 3 and 4, there are four main criteria factors for most sustainable architecture: 
(1) saving energy consumption by using renewable energy (e.g., solar energy); (2) reducing daily 
water consumption by installing rainwater collectors; (3) increasing interior natural lighting; and 
(4) increasing public green space. The design proposal is then evaluated by comparing it with an 
existing typical commercial complex to determine whether the design successfully achieves 
sustainability. Moreover, the evaluation, as shown in table 4 comes from the Chinese Green 
Building code "Green Building GB/T 50378" code. 
  
                                                                    
                                           





                       
                                                          Table 4. Criteria & evaluation 
 
6.2 Existing typical commercial complex and benchmark 
The Shanghai Qibao commercial complex is a typical commercial complex in Shanghai, 
and most commercial complexes have a similar design, programs, floor area, and amount of 
energy and water consumption as this one. Thus, Shanghai Qibao commercial complex is a valid 
example of current commercial complexes in Shanghai. Researching the energy consumption 
details of Shanghai Qibao commercial complex provides a benchmark of current commercial 
complexes in Shanghai. This thesis focuses on landscape water consumption, energy 
consumption, green spaces, and electricity consumption of interior lighting. 
Site area: 48,932m2 (526,699 SF) 
Total floor area: approximately 70,000m2 (753,473 SF) 
Total yearly electricity usage: 9 million kWh (130kWh/m2/year=1391kWh/SF/year) 





Interior natural light: 85 % of interior does not have enough natural light 
Green spaces: Less 10% of site area 
         





                   
                                                              Figure 31. Typical floor plan 
As shown in Figure 31, this five-floor commercial complex in the Shanghai Minhang 
district. This is a typical commercial complex, which has a similar style to most commercial 
complexes. It includes retail stores, supermarkets, movie theatre, and food areas. This kind of 
commercial complex does not utilize sustainable strategies, it consumes a lot of energy and 
natural resource. In addition, this kind of commercial complex is isolate, which does not connect 






   
                    Figure 32. Exterior view 1                                          Figure 33. Exterior view 2 
  
                    Figure 34. Interior view 1                                          Figure 35. Interior view 2 
   
                Figure 36. Interior view 3                                                 Figure 37. Interior view 4 
 
As Figure 32-37 shown, the exterior views and interior view are similar to most modern 






CHAPTER 7 DESIGN AND DATA ANALYSIS 
7.1 Concept design 
 Due to the commercial complexes creating an important public space for the city, the 
initial idea is to develop the sustainable commercial complex as a city living room that connects 
with communities and brings people together, providing a green, sustainable, vital, and 
comfortable public space for communities, which can satisfy residents' social requirements. 
On the basis of an analysis of the area around the site, four sustainable strategies can be 
used for this project.  
A. Using solar energy. 
B. Collecting rainwater. 
C. Increasing green spaces. 
D. Increasing daylighting utilizes. 
There is no building on the south side of site, and it provides enough natural light and 
solar energy for the project. There are many bus stations and two subway stations in the 
surrounding area, and the existing public transport system that can encourage people to choose 
public transportation. There is a lack of green space in the surrounding area, and the project can 






                                                  Figure 38. Initial sketch idea (site plan) 
The main entrance will be on the southwest side of the site because there is enough space 
to create a plaza and landscape. In addition, the southwest side faces the main city street. The 
majority of residential areas are to the northwest of the site, and a furniture mall is located to the 
northeast of the site. Because people will come from these three major directions, the 
commercial complex is divided into three parts, each with its own entrances.  
As Figure 38 shown, there are no buildings on the southwest of the site. Thus, the 
majority façade of this commercial complex is facing the south side, which can maximally utilize 





consumption. The center of the commercial complex will be an open public space full of green 
features. People can meet, play, and rest in this space, and it also can serve as a stage for some 
community events. Additionally, the roof of Building 1 and part of Building 3 will be roof 
garden. Both centers of commercial complex and roof garden provide sufficient public green 
spaces for customers and surrounding residents. The roof garden can also harvest 80% of 
rainwater for landscape irrigation, which reduces water consumption. 
 






Based on this concept, three similar schemes were developed, each with a similar form of 
building, orientation, circulation, and area of green space aeaa. Only the floor plans are different, 
which will affect the interior daylighting. Thus, the next step is to test these three schemes using 
Revit, analyze test results, compare them to choose the best one, and finally improve that one to 
create the final design. 
7.2.1 Concept design 1 
 
                                                  Figure 40. Concept 1 sketch 
Site area: 36,260m2 (390,299 SF) 





Rainwater collect: 16.13 million L/year 
Green space area: 9,666m2 (104,044 SF) 
Roof area: 16293m2 (175,376 SF) 
Solar energy production: 2,300,532 kWh/year 
 








7.2.2 Concept design 2 
     
                                            Figure 42. Concept 2 design sketch 
Site area: 36,260m2 (390,299 SF) 
Total floor area: approximately 62,175m2 (669,246 SF) 
Rainwater collect: 15.8 million L/year 
Green space area: 9,476m2 (101,999 SF) 
Roof area: 17070m2 (183,740 SF) 



















7.2.3 Concept design 3 
                                
                                                     Figure 44. Concept 3 design sketch 
Site area: 36,260m2 (390,299 SF) 
Total floor area: approximately 72,175m2 (776,885 SF) 
Rainwater collect: 19 million L/year 
Green space area: 12,508 m2 (134,634 SF) 
Roof area: 20402m2 (219,605 SF) 






                                                       Figure 45. Concept 3 solar energy test result 
 
 









7.3 Daylighting test results 
                       
                                                   Figure 46. Level 1 daylighting test result 
 






                                                   Figure 48. Level 3 daylighting test result 
 







                                                     Figure 50. Level 5 daylighting test result 
 The Lux requirement for the commercial complex is above 323 lux45, and the red number 
represents the percentage of floor area has achieved that requirement by natural light at each 







45 Oca, S., Do LED Lights Attract Bugs? May 19, About The Author Samantha M. Samantha is a copywriter/blogger 
at Super Bright LEDs, &amp; Samantha M. Samantha is a copywriter/blogger at Super Bright LEDs. (2019, May 08). 






7.4 Results of the three concepts 
                           
                                                      Table 5. Three concept test result 
 Concept 1 achieves all goals except public green spaces. The interior daylighting part is 
the best, which is an important part of saving energy consumption because lighting accounts for 
40% of the commercial complex’s total energy consumption. Although the green space aspect is 
not achieved, it is not a major problem, as only 1000 m2 of green space needs to be added. 
Saving energy and landscape water consumption is achieved. 
 Concept 2 only achieves two goals: saving energy consumption with solar energy and 
sufficient interior daylighting. Saving landscape water consumption and green space are not 
satisfied with the requirement. Although the result of the concept is close to the requirement, 
Concept 1 is better than Concept 2. 
 Concept 3 is the best one for saving energy consumption, saving landscape consumption, 
and green space in three parts. However, its interior daylighting is insufficient, which is 
important for the project because interior daylighting can reduce energy consumption and create 





between natural daylighting, fresh air and greenery, with increases in people's happiness and 
productivity. Similar studies show the positive power of schools that incorporate natural 
daylighting and other green elements, to raise test scores of the students.46 Thus, interior 
daylighting is key to achieve a sustainable commercial complex. 
 After comparing three concept designs, both Concept 1 and 3 meet the three criteria, 
whereas Concept 2 only meets two criteria. Concept 1 does not satisfy the green space 
requirement, while Concept 3 does not have enough interior daylighting. Each concept has at 
least 10,800 m2 (116,250 SF) of green space. Concept 1 has 9,666m2 (104,044 SF) of green 
spaces, which is close to the criteria. The interior daylighting part is 30% of floor area meets 
commercial Lux requirement by daylighting. Concept 3 only has 21.4% of floor area meeting the 
criteria, 37.82% floor area of Concept 1 meets the criteria. Thus, Concept 1 is developed in the 















7.5 Final sustainable commercial complex concept design 
  
                                                           Figure 51. Final design  
 This sustainable commercial complex is consists of three buildings and is designed to be 
five levels above ground. As shown in Figure 51, Building A includes a food corner (fast food) 
and theatre. Building B has restaurants, retail stores (e.g., clothing, luxury), and a bookstore. 
Building C includes a supermarket, retail stores (e.g., cosmetics, jewelry, sports, daily 
necessities), a gym, and children’s activate space.  
 There are open spaces on each floor, which provides green spaces, meeting areas, and 
resting places for people. There is an open terrace on the fourth floor, which connects the three 
buildings. It provides a large, open green space for surrounding residents, encouraging people to 
spend more time outside. The building’s eco-roof will reduce energy consumption, and improve 





              







7.5.1 Floor plans 
                      
                                                                  Figure 53. First floor plan 
 As shown in Figure 53, the first floor plan includes a fast-food corner, high-level 
restaurant, and supermarket. The first floors of Buildings A and B consist of two parts to 
maximize the interior daylighting, reducing the electricity consumption of lighting. According to 
the site analysis, people will come from three directions; thus, there are three entrances for this 
commercial complex. The green center plaza can be used for community events such as small 







                                                        Figure 54. Second &third floor plans 
 As shown in Figure 54, the second and third floors both include retail stores and a movie 
theater. There is a set of office buildings on the left side of Building A, which prevents the 
complex from having sufficient interior daylighting. However, as a movie theater does not 
require interior daylighting, that is an ideal place for theater. In Buildings B and C, the second 








   
                                                             Figure 55. Fourth floor plan 
 As shoen in Figure 55, The fourth floor also has retail stores and a bookstore and is set 
back 15 feet for open space. Additionally, there is a terrace on the fourth floor that connects three 
buildings, creating an 88,000 SF (8,175 m2) roof garden, which provides a comfortable green 
space for visitors. In addition, the yearly average precipitation in Shanghai is 1166.1 millimeters.  






                                                               Figure 56. Fifth floor plan 
 As shown in Figure 56, Only Building C has a fifth floor, which contains a gym and 
place designated for children. There is also a roof garden on the fifth floor, which can provide 









7.6 Sustainable strategies 
 This project focuses on four sustainable parts: solar energy, rainwater collection, interior 
daylighting, and green space. It aims to reduce building energy consumption and create healthy, 
green and comfortable green spaces for people. 
7.6.1 Solar energy 
 Solar energy represents a significant opportunity for building energy saving; thus, solar 
technologies are proposed for the sustainable commercial complex to decrease its total energy 
consumption and carbon footprint. There is enough sunlight in Shanghai, especially during the 
summer period. In 2020, the shortest day is December 21, with 10 hours and 7 minutes of 
daylighting; the longest day is June 21, with 14 hours and 11 minutes of daylighting.  
 Based on previous site analysis, there is no buildings at the South side of target site, 
which provides a good opportunity to utilize solar energy. Thus, the magority façade of this 
project faces to South side to maximum utilizes solar energy. Using Revit to test the model at 
three periods; equinoxes, summer solstice and winter solistice. As shown in Figure 57, all of roof 
can get enough sunlight from 9am to 3pm, which is an advantage to install soalr panels to saving 





          
                                                                 Figure   57. Sunlight test 
                      





 The average commercial complex energy consumption in Shanghai is 9 million 
kWh/year, which costs 1.4 million dollars per year (i.e., based on the Shanghai electricity price 
for commercial building 1kWh=$0.16). This amount of energy causes 4,500 tons of CO2 
emissions yearly.47 It does a great deal of damage to the environment. As shown in Figure 58, 
the solar energy test result indicates that solar panels can produce 2.3 million kWh/year, saving 
approximately 25.5% energy consumption annually and saving $345.080 in energy costs per 
year. Furthermore, CO2 emissions can be reduced by 1,150 tons. 
                                                                                      









47 Frequently Asked Questions (FAQs) - U.S. Energy Information Administration (EIA). (n.d.). Retrieved October 21, 





7.6.2 Green space 
 The green spaces represent significant benefits for sustainable development, such as 
providing positive physical and mental health for residents, solving some pollution problems and 
increasing students' grade in English and math; thus, increasing green spaces area have been 
proposed to the sustainable commercial complex. As previously mentions, green spaces provide 
benefits to human health and well-being. In addition, green spaces also can solve air and water 
pollution, mitigate urban heat island effects. However, increasing the area of the green space 
requires more than planting trees or grass. There are many parks in Shanghai, but people do not 
go to these parks until  weekends or holidays because they do not have enough time during the 
work week. Thus, architects should add green spaces to commercial complexes by an appropriate 
way, making green spaces is a part of commercial complexes, creating a sustainable living style. 
Making sustainable living relevant to people, their daily routines and behaviors, their families 
and their communities.48 
 As shown in Figure 59-61, besides adding green public spaces and landscape on the 
ground level, this project also adds green features such as plant trees, grass and set up outdoor 
seating area on each floor. When people come here, they will enjoy these green features, and 
they can meet, play, and some outdoor activities here. There is a huge roof garden on the fourth 
floor, which connects three buildings together. Providing a comfortable and healthy green space 
for surrounding residents. As existing researches indicates that green spaces can encourage 
exercise, provide spaces for socializing, decrease noise and air pollution, and improve immune 
function by providing exposure to beneficial microbiota. It also can help with psychological 
 
48 Callaghan, E. G., &amp; Colton, J. (2007). Building sustainable &amp; resilient communities: A balancing of 





restoration; that is, green space provides a respite for over-stimulated minds.49 After improved 
concept 1, the area of green spaces are increased to 10,300m2, which achieved the goal.  
                      
                                                            Figure 59. View of terrace 1 
                        
                                                             Figure 60. View of terrace 2 
 






                    
                                                     Figure   61. Green spaces on each floor  
 





7.6.3 Interior daylighting 
 Daylighting is an important aspect of sustainable commercial complex design because 
utilizing daylighting can reduce energy consumption and cost. The overall objective of 
daylighting is to minimize the amount of artificial light and reduce electricity costs. Electrical 
lighting produces a great deal of heat, whereas, if properly controlled, natural lighting generates 
little heat. For most buildings that incorporate daylighting, the overall energy savings range from 
15% to 40%. People have a natural attraction to and need for daylighting. Studies suggest that 
daylighting has a direct impact on well-being, productivity, and overall sense of satisfaction. 
Even retail stores like Wal-Mart have seen the environmental and monetary benefits of 
daylighting for both employees and consumers.50 
 A typical commercial complex in Shanghai consumes 3.6 million kWh/year (9,836 
kWh/day) for lighting, which is a phenomenal amount of energy, and this has a significant 
negative effect on the environment. Thus, utilizing daylighting to reduce the energy consumption 
of lighting is a necessary strategy for this sustainable commercial complex project. The lux 
requirement for retail is 200-500 lux.  
 













                                   
                                                             Figure 63. Daylighting test on equinoxes 
 As shown in Figure 63, the daylighting test result on the equinoxes. The percentages of 
each floor area that achieves retails requirement (323 lux) is shown; these areas do not require 






                
                                                 Figure 64. Daylighting test on summer solstice 
As shown in Figure 64, the daylighting test result on the summer solstice. An average of 
16.64% of floor does not need extra artificial light. Due to the altitude angle during summer in 





              
                                              Figure 65. Daylighting test on winter solstice 
As shown in Figure 65, the daylighting test result on the winter solstice. An  average 
57.94% of floor does not need extra artificial light. Due to altitude angle during summer in 






                                                        
                                                                  Figure 66. Sky dome 
 As shown in Figure 66, the ratio of floor area to daylighting is between 16.64% to 
57.94%. The average rate is 35.13% of the whole building has enough daylighting to achieve the 
requirement, which meets the project goal. It can reduce 1.26 million kWh/year, lower energy 
consumption by 14.05%, and reduce CO2 emissions by 630 tons. 
 






7.6.4 Rainwater collection 
 Another way to create sustainable buildings is by reducing water consumption, which is  
beneficial to the environment, energy, and economy. Utilizing less water can decrease operating 
costs by 11%, decrease energy use by 15%.51 Less energy is required to process, deliver, and 
heat water, resulting in reduced air pollution.  
               
                                                                  Figure 67. Eco-roof 
 This project collects rainwater for landscape irrigation. The average precipitation is 
1161mm yearly, and the there are an average of 122 days of rain per year. Thus, rainwater 
 






collection is a valid sustainable strategy for this project. As shown in Figure 67, all roofs of this 
project are eco-roof for energy saving, environment protection and health reasons. Eco-roof 
Increases the R–value of the roofing system, along with reduced temperatures on the roof lessen 
HVAC loads, resulting in energy cost savings.52 The study found that an eco-roof can save 0.756 
kWh/SF of HVAC energy consumption yearly. Based on that, this sustainable commercial 
complex can save 528,938 kWh each year, reduce annual electricity cost by $84,630, and reduce 
CO2 emissions by 265 tons. 
 Secondly, an eco-roof also helps control storm water runoff and retention. Eco-roof can 
absorb as much as 80 percent of annual rainfall on a building, preventing it from flooding streets 
and overwhelming sewer systems. A typical commercial complex consumes 80 million L for 
landscape irrigation. Based on Shanghai annual precipitation, as shown in Figure 68, this project 
can harvest 18 million L rainwater yearly for landscape irrigation. It is 22.5% of landscape 
irrigation water consumption.
    
                                                      Figure 68. Rainwater collection system 
 
52 “Green Roof Benefits-Technical Preservation Services, National Park Service.” National Parks Service. U.S. 






The last benefit of eco-roof is increasing urban green space, which improves the comfort 
and enjoyment of the building's occupants by providing an aesthetically pleasing view and 
spaces for meetings or recreation. Green roofs can incorporate urban agriculture and include 
herbs and vegetables that can be harvested for use by the building's occupants or the community. 
A green roof can also provide a refuge for insects and birds that have lost their natural habitat 
due to urban development and the loss of green space.53 
                           









53 “Green Roof Benefits-Technical Preservation Services, National Park Service.” National Parks Service. U.S. 






CHAPTER 8 CONCLUSION 
 This project aims to design a sustainable commercial complex in Shanghai, creating a 
sustainable, healthy, comfortable, and public green space for area residents. Based on Shanghai’s 
climactic features, appropriate sustainable strategies were selected, including solar energy, 
rainwater, and daylighting, to reduce energy consumption and CO2 emissions. Additionally, 
including green spaces in the commercial complex is a harmonious way to provide spaces that 
are beneficial to residents. The design proposed in this thesis is an example of a sustainable 
commercial complex. Compared to typical commercial complexes in Shanghai, 35.13% of the 
floor area of the proposed complex has enough daylighting to achieve the requirement (323 lux). 
It can reduce 1.26 million kWh/year, save 14.05% in total building energy consumption, and 
reduce CO2 emission by 630 tons.  
Moreover, commercial complexes in China consume 40% of China’s total building 
energy consumption, which is equivalent to 326 million tons of standard coal. This causes a 
significant amount of damage to the environment. Future commercial complexes should thus 
reduce energy consumption by implementing sustainable strategies. There is sufficient sunlight 
in Shanghai to make solar energy a valid choice for this project. According to Revit testing, this 
project can save 30% energy by using solar panels and reduce CO2 emissions by 1,150 tons. 
Another strategy is rainwater collection. Eco-roofs can harvest up to 80% of rainwater, which 
can be used for landscape irrigation water. The average precipitation is 1,161mm in Shanghai. 
This project can save 22.5% of landscape irrigation water by collecting rainwater. 
Many different sustainable strategies can be utilized to achieve sustainable architecture. 





aforementioned sustainable strategies, which conform to the local environment and test them to 
see whether they achieve the project goal. The results of a set of computer simulations show that 
this project achieves its stated objectives.  
Sustainable development is a key topic that the society is focusing on now and in the 
future, and architecture is an important aspect of this topic. Current commercial complexes are 
no longer fulfilling social demand and are causing major environmental problems. Sustainable 
architecture can change this. This design successfully solves specific issues related to energy 
consumption, water consumption, and lack of public green spaces in current commercial 
complexes. It is a useful prototype for future commercial complex design that solves existing 
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